In order to understand which process (e.g. galactic winds, cold accretion) is responsible for the cool (T ∼ 10 4 K) halo gas around galaxies, we embarked on a program to study the starformation properties of galaxies selected by their Mg II absorption signature in quasar spectra. Specifically, we searched for the Hα line emission from galaxies near very strong z ≃ 2 Mg II absorbers (with rest-frame equivalent width W λ2796 r 2Å) because these could be the signposts of outflows or inflows. Surprisingly, we detect Hα from only 4 hosts out of 20 sight-lines (and 2 out of the 19 H I-selected sight-lines), despite reaching a star-formation rate (SFR) sensitivity limit of 2.9M ⊙ yr −1 (5σ) for a Chabrier initial mass function. This low success rate (4/20) is in contrast with our z ≃ 1 survey where we detected 66% (14/21) of the Mg II hosts (down to 0.6 M ⊙ yr −1 , 5σ). Taking into account the difference in sensitivity between the two surveys, we should have been able to detect 11.4 ( 7.6) of the 20 z ≃ 2 hosts -assuming that SFR evolves as ∝ (1 + z) γ with γ = 2.5 (or γ = 0) respectively-whereas we found only 4 galaxies. Interestingly, all the z = 2 detected hosts have observed SFRs 9 M ⊙ yr −1 , well above our sensitivity limit, while at z = 1 they all have SFR< 9 M ⊙ yr −1 , an evolution that is in good agreement with the evolution of the SFR main sequence, i.e. with γ = 2.5. Moreover, we show that the z = 2 undetected hosts are not hidden under the quasar continuum after stacking our data. They also cannot be outside our surveyed area as this latter option runs against our sample selection criteria (W λ2796 r > 2Å) and the known W λ2796 r -impact parameter relation for low-ionization ions. Hence, strong Mg II absorbers could trace star-formation driven winds in low-mass halos (M h 10 10.6 M ⊙ ) provided that the winds do not extend beyond 20 kpc in order not to violate the evolution of the absorber number density dN/dz(Mg II). Alternatively, our results imply that z = 2 galaxies traced by strong Mg II absorbers do not form stars at a rate expected (3-10M ⊙ yr −1 ) for their (halo or stellar) masses, supporting the existence of a transition in accretion efficiency at M h ≃ 10 11 M ⊙ . This scenario can explain both the detections and the non-detections.
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INTRODUCTION
The current paradigm for cold dark matter (CDM) (White & Rees 1978 ) is now well grounded in, for instance, the many galaxy clustering surveys (Madgwick & et al., 2003; Budavári & et al., 2003; Eisenstein & et al., 2005) . As a result, the growth rate of dark matter haloes is well determined thanks to various large-scale dark mat-ter numerical simulations (e.g. Springel et al. 2006) . For instance, in the Millennium simulation, the growth rate is determined to bė
with t ∼ 2.2 and a mass index s greater than unity s ≃ 1.15 (Birnboim et al. 2007; Neistein & Dekel 2008; Genel et al. 2008; McBride et al. 2009 ). The index s is greater than unity because the index of the initial dark matter (DM) power spectrum n ∼ 0.8 is less than unity (Neistein et al. 2006; Birnboim et al. 2007 ). Hence, this growth rate is very generic and follows from the initial dark matter (DM) power spectrum. In contrast, our understanding of galaxy growth is more limited and is certainly incomplete. The G-dwarf problem (van den Bergh 1962; Schmidt 1963 ) and other chemical arguments (e.g. Larson 1974) show that gas accretion must have been an important factor in building present day galaxies. In addition, theoreticians keep pointing out that in haloes where the cooling time is short (compared to the dynamical time), the accretion efficiency of 'cold' (T ∼ 10 4 K) baryons must be high (e.g. White & Frenk 1991) . This mode of 'cold accretion' is well defined in haloes with mass less than the shock mass M sh ∼ 10 12 M⊙ where the cold gas is not shock-heated to the virial temperature (Birnboim & Dekel 2003; Kereš et al. 2005 Kereš et al. , 2009 van de Voort et al. 2011) , and can also take place in haloes more massive than this limit at z > 2 due to geometrical effects (streams) (Ocvirk et al. 2008; Dekel et al. 2009 ).
While streams -with gas columns ranging from 10 19.5 cm −2 to 10 21.5 cm −2 according to Dekel et al. (2009) are expected to have small (< 5%) covering fractions (e.g Faucher-Giguère & Kereš 2011; Kimm et al. 2011) , the covering fraction of 'cold accretion gas' with columns N H I > 10 18 cm −2
can be higher (∼ 20%) in galaxies below M sh according to Stewart et al. (2011) . It is therefore important to study the gaseous haloes of galaxies, which can be detected only in absorption in the spectra of distant background quasars (QSOs). For instance, the low ionization Mg II doublet (λλ2796,2803Å) is of great interest because it traces gas at T ∼ 10 4 K over a wide range of redshifts 0.1 z 2.5 and over a wide range of hydrogen column densities 10 16 N H I 10 22 cm −2 (Churchill et al. 2000) . The large range of physical parameters may thus trace the inter-stellar medium of a host (e.g. Prochaska & Wolfe 1997) , parts of outflows (e.g. Nulsen et al. 1998; Schaye 2001) , and/or T ∼ 10 4 K gas related to accretion (e.g. Kacprzak et al. 2010; Stewart et al. 2011) .
However, the sub-class of strong Mg II absorbers with restframe equivalent widths (rest-EW or W λ2796 r ) above ∼ 1-2Å are particularly interesting as they are the signposts of a collection of clouds spanning large velocity widths ∆v > 100km s −1 (Ellison 2006) . At low and intermediate redshifts, the physical connection between strong Mg II absorbers and star-forming galaxies has been established since the early nineties (Lanzetta & Bowen 1990; Bergeron & Boissé 1991; Bergeron et al. 1992; Steidel & Sargent 1992) . Thanks to the advances in large sky surveys such as SDSS (e.g. Abazajian & et al., 2003; Abazajian et al. 2009 ), this connection is further supported by various statistical/stacking analyses (e.g. Bouché et al. 2006; Zibetti et al. 2007; Ménard et al. 2011) . Bouché et al. (2006) showed that z ∼ 0.6 Mg II clouds are not virialized, a result interpreted as supporting evidence that supernova-driven winds are the dominant sources of strong Mg II with W λ2796 r > 2Å
1 . Direct evidence for this scenario comes from our z = 1 SIN-FONI Survey For Line Emitters (z1SIMPLE) (Bouché et al. 2007 ), where we targeted two dozen QSO fields with known Mg II absorbers with W λ2796 r > 2Å and successfully unveiled the Hα signature of the host in 14 out of 21 of the cases. These star-forming (SF) galaxies were found to have observed star-formation rates (SFR) of about ∼ 1-10 M⊙ yr −1 , corresponding to a mean dustcorrected SFR of ∼ 10 M⊙ yr −1 . This experiment further strengthens the connection between SF galaxies and strong Mg II absorbers with W λ2796 r > 2Å. Additional supporting evidence for this interpretation comes from a variety of studies. For instance, Bond et al. (2001) showed that, in a few systems with W λ2796 r > 1.8Å, the high-resolution profile of the low-ion Mg II shows clear signatures of a wind superbubble. Similarly, the study of 2 ultra-strong (with W λ2796 r 3Å) Mg II absorbers of Nestor et al. (2011) showed that star-burst driven outflows are necessary to account for the velocity extent of the absorption and that each field contains a starburst (with bright [O II], Hβ emission lines). Using large data sets of 5000 and 8500 absorbers respectively, Noterdaeme et al. (2010) and Ménard et al. (2011) found a clear correlation between W λ2796 r and [O II] luminosity in the stacked spectra of Mg II absorbers. These results favor outflows as the mechanism responsible for strong Mg II absorption, and as a consequence, they link intervening Mg II absorbers with the blue-shifted Mg II absorptions seen in the spectra of star forming galaxies (e.g. Martin & Bouché 2009; Weiner et al. 2009; Rubin et al. 2010) .
Given the successes of our z1SIMPLE survey and the paucity of H I absorbers identified at z ∼ 2 (only 5 have been identified by Lowenthal et al. 1991; Djorgovski et al. 1996; Möller et al. 2004; Heinmüller et al. 2006; Fynbo et al. 2010) 2 , we embarked on a program designed to detect the hosts of 18 strong Mg II and 7 H I absorbers at z ≃ 2. This paper presents the results of this z ∼ 2 survey. Throughout, we use a standard '737' cosmology, i.e. we use a h = 0.7, ΩM = 0.3, ΩΛ = 0.7 cosmology.
SAMPLE SELECTION AND DATA REDUCTION

Sample selection
The main goal of this survey is to extend the z ∼ 1 SIMPLE survey of Bouché et al. (2007) to z ≃ 2 absorbers using the K-band of the Spectrograph for INtegral Field Observations in the Near Infrared (SINFONI). We therefore selected sight-lines from the SDSS data base (DR5) and the 2dF Quasar Redshift survey (2QZ) data bases as in Bouché et al. (2007) with the criterion W λ2796 r > 2Å. This criterion was used for the following two reasons. First, in the super-wind scenario, as argued in our z1SIMPLE survey, the strongest absorbers (as measured by W λ2796 r ) ought to have the largest star-formation rates, hence the largest Hα fluxes. Second, the W λ2796 r > 2Å criterion empirically selects the hosts with the smallest impact parameters (ρ) with ρ < 35 h −1 kpc (e.g. Steidel 1995) . At z ∼ 1 and z ∼ 2, this corresponds to ∼ 4 ′′ , which means that the host-galaxy will fall within the searched area (10 ′′ ×10 ′′ ) limited by the SINFONI field of view (7.5 ′′ ×7.5 ′′ ). From the pool of ∼ 100 strong z ∼ 2 Mg II absorbers available in SDSS, we were able to observe 18 Mg II absorbers with appropriate coordinates and favorable redshifts (see Table 1 ), i.e. whose corresponding Hα emission line would not be affected by the sky OH emission lines. Our observations also include 7 z ∼ 2 H I absorbers (see Table 1 ) selected from having H I column densities log N H I (cm −2 ) 20.0 mostly from Prochaska et al. (2005) . These 7 SINFONI fields include 2 from archival Science Verification data (Q0216+08 and Q2243-60) . To increase the number of H I absorbers, we will include 12 other z = 2 damped Lyα absorbers (DLAs) observed with SINFONI from the sample of Péroux et al. (2011a) 3 and Péroux et al. (2011b) . Some of the targets meet both the Mg II and the H I criteria (SDSSJ1316, SDSSJ2059-05, Q2222-09, Q2243−60) and were included a posteriori if they were not in the original sample. In total, our Mg II sample is made of 20 sight-lines, and the H I sample is made of 19 sight-lines (see section 3).
Observational Strategies
The observations presented here were carried out with the near-IR integral field spectrometer (IFU) SINFONI (Eisenhauer & et al. 2003; Bonnet et al. 2004 ) mounted at the Cassegrain focus of the VLT UT4 telescope. The near-IR IFU contains a set of mirror slicers that splits the focal plane in 32 parallel slitlets and rearranges them in a pseudo long-slit fed into the spectrometer part of the instrument. These reflective slicers are at the core of the highthroughput of this instrument.
In total, we have obtained K-band SINFONI observations towards 28 z ≃ 2 absorbing galaxies listed in Table 1 ′′ . Our z = 2 SINFONI survey for line emitters (z2SIMPLE) is made of the fields selected according to the criterion described in § 2.1 (Table 1) . Even though SINFONI is more sensitive in the Kband than in the J-band by 20%, we integrated on each field for about 2hr, i.e. longer by a factor of ∼ 2× compared to the 40min integrations used in Bouché et al. (2007) in order to account for the luminosity distance increase from z = 1 to z = 2.
Despite the field of view being 7.5 ′′ ×7.5 ′′ , we optimized the searched area by adopting a 'on source' dithering strategy resulting in contiguous surveyed area of 10 ′′ ×10 ′′ . The central region is thus observed four times per observing block made of 4 × 600s.
Data Reduction
The data reduction was performed as in Förster Schreiber et al. (2009) , i.e. using the MPE SINFONI pipeline (SPRED, Schreiber et al. 2004; Abuter et al. 2006 ) complemented with additional custom routines to optimize the reduction for faint highredshift targets such as the OH sky line removal scheme of Davies (2007) . The steps are outlined here. Firstly, after creating the dark frames and flat-field frames, we optimized the bad pixel identification from these frames, as artifacts and residual bad pixels could lead to spurious sources, and we applied these to the data. Secondly, in order to further improve the cosmic ray removal, we used the Laplacian edge cosmic ray removal technique of van Dokkum (2001) . Bad pixels and cosmic rays were replaced by interpolation onto the neighboring 2D pixels on the detectors. Thirdly, arc lamp frames were used to generate the "wavemap" by tracing the edges and curvature of the slitlets. Because slight wavelength shifts may occur, the wavemaps were cross-calibrated against the known vacuum wavelengths of the sky OH emission lines. These were found in the first 600s exposure taken per field, which was used as a reference frame. Then, the pre-processed science data frames were reconstructed into cubes, corrected for distortion using the tuned wavemaps. Given that we are looking for emission lines, the atmospheric correction was turned off in order to avoid an additional interpolation.
Given that SINFONI is a Cassegrain instrument, small spectral shifts occur during the observations (< 0.2pixels). In order to ensure excellent sky-subtraction, we corrected these shifts by crosscorrelating each of the science frames spectrally against the reference frame (the first science exposure). At this stage the data cubes still contain the sky background. We used the algorithm of Davies (2007) to subtract the sky background pair-wise and optimize the OH subtraction. The algorithm involves scaling each group of telluric OH lines separately. We applied the heliocentric correction to the sky-subtracted frames.
For each observing block, we use the continuum of the quasar to spatially register the various sets of observations. Finally, a coadded cube is obtained from the average of all the individual skysubtracted 600s exposures using a median clipping at 2.5σ.
The data of the standard stars were reduced in a similar way as the science data and intrinsic stellar absorption lines were removed according to their spectral type. The flux calibration of the data was performed on a night-by-night basis using the broadband magnitudes of the standards from 2MASS. The flux calibration is accurate to ∼ 15%. Finally, the atmospheric transmission was calibrated out by dividing the science cubes by the integrated spectrum of the telluric standard.
RESULTS
Low Detection Rate
The mean depth of our survey is determined in two independent ways. First, we measure the pixel noise in a region that is within 2 ′′ of the QSO and at the wavelength of the expected Hα line. We scale the noise per pixel to a region corresponding to an unresolved source of 0.8 ′′ (FWHM), i.e. over 32 spatial and 8 spectral pixels to compute our 5σ flux limit 4 : ∼ 1.8 × 10 −17 erg s −1 cm −2 . Second, we inserted fake sources with known fluxes, assuming a Gaussian profile with a FWHM of 0.8 ′′ , into our datacubes at the wavelength of the expected Hα line. We attempted to detect the source and determined the flux level where the source is no longer visible. This technique gives similar values, i.e. ∼ 2.0 × 10 −17 erg s −1 cm −2 , and is akin to a 95% completeness limit. The flux limits for each field are listed in Table 2 , and on average, our flux limit allows us to detect star-forming galaxies with SFRs greater than >2.9 M⊙ yr −1 -uncorrected for dust and assuming a Chabrier (2003) initial mass function (IMF). Despite our ability to detect star-forming galaxies with SFR(5σ) 2.9 M⊙ yr −1 , we have detected Hα from very few galaxies. Out of our SINFONI observations towards 18 Mg II absorbers, we detect Hα emission of only 3 galaxies (towards SDSSJ111008.61+024458.0, SDSSJ125525.67+030518.4 and Q2243−60). Towards SDSSJ1255+0305, we found 2 Hα galaxies within 40km s −1 of the absorber redshift z = 2.1144, and we attribute the one with the smallest impact parameter to the Mg II absorber. Towards SDSSJ1144+0959, we detected the continuum of a galaxy 19 kpc away, however we are unable to determine its redshift.
Including the 2 sight-lines from Péroux et al. (2011b) that meet our Mg II criteria a posteriori, namely SDSSJ2059−05 and SDSSJ2222−09, our global detection rate is 4/20 since the host towards SDSSJ2222−09 was also detected by Peroux et al. (see also Fynbo et al. 2010 ). This detection rate (4/20) is in sharp contrast with our z1SIMPLE survey, where we detected two thirds (14/21) of the host galaxies (Bouché et al. 2007) . We return to the significance of the low detection rate in section 3.3. Figure 1 (a-c) shows the flux, velocity and dispersion maps of the 3 fields (SDSSJ111008.61+024458.0, SDSSJ125525.67+030518.4 and Q2243−60, respectively) towards which we could detect the host. The host of the absorber towards SDSSJ111008.61+024458.0 is found only 17kpc North from the QSO. The absorber at z = 2.1187 has W λ2796 r = 2.97 ± 0.17Å (Murphy & Liske 2004; Prochaska et al. 2005) and is found to have a SFR= 9.1M⊙ yr −1 for a Chabrier IMF, corresponding to a dust-corrected SFR0 of ∼ 19M⊙ yr −1 . Its velocity field is indicative of a merger system with a reversal of the velocity field, hence we refrain ourselves in assigning a dynamical mass. The average dispersion of σ ∼ 120 km s −1 . The host of the absorber towards SDSSJ125525.67+030518.4 with W λ2796 r = 3.20 ± 0.23Å (Murphy & Liske 2004; Prochaska et al. 2005 ) is found at 14kpc from the QSO. The host has a SFR= 8.6M⊙ yr −1 calculated also assuming a Chabrier IMF, corresponding to a dust-corrected SFR0 of ∼ 18M⊙ yr −1 . The velocity field shows a clear rotation pattern of vmax sin i ∼ ±70km s −1 with a dispersion that peaks at σ ∼ 70 km s −1 in the center. The intrinsic dispersion is σ0 ∼ 30km s −1 in the outskirts. The dynamical mass within the half-light radius (0.44
Notes on the detected fields
10 M⊙, taking into account the inclination i = 24
• estimated from the axis ratio b/a = 0.9. Using vmax, our estimate of the haloe mass is M h ∼ 2.5 × 10 11 M⊙. The host towards Q2243−60 has the highest Hα flux in our sample, reaching almost ∼ 1 × 10 −16 erg s −1 cm −2 , corresponding to an observed 5 SFR= 18M⊙ yr −1 . The velocity field also shows a rotation pattern with a large central dispersion ∼ 120km s −1 . This galaxy is less resolved (its half-light radius ∼ 0.5 ′′ is similar to the PSF∼ 0.6 ′′ ). We recently obtained SINFONI observations (in H and K) with adaptive optics (AO) for this field that will be presented elsewhere (Bouché et al. in preparation) . We can already report that the velocity field is resolved with vmax sin i ≃ 100km s −1 , the intrinsic dispersion is σ0 ∼ 100km s −1 . With an inclination of 57 ± 2
• , the dynamical mass within the half-light radius (0.45 ′′ ) is M 1/2 ∼ 1.8 × 10 10 M⊙. The halo mass is estimated at M h ∼ 2 × 10 11 M⊙ from vmax. This absorber has a large Mg II rest-frame equivalent width W λ2796 r = 2.6Å corresponding to a velocity width of ∼ 250km s −1 (Ellison 2006) . This DLA was discovered by the Hamburg/ESO QSO Survey (Reimers & Wisotzki 1997) . Its H I column density is log[N H I /cm −2 ] = 20.7. Lopez et al. (2002) presented a deep (28ksec) UVES spectra of this QSO with S/N ranging from > 50 to 80. These observations show that this DLA has an absorption metallicity that is [Zn/H]= −1.10 ± 0.05, close to the iron abundance [Fe/H] = −1.26 ± 0.02, indicating a low dust depletion.
How many detections are expected?
Before interpreting this apparent low detection rate (4/20), we need to be certain (i) that the sample properties are similar and (ii) that our z = 1 sources could have been detected at z = 2. On the first point, a KS-test for the W λ2796 r distributions gives a probability of P = 0.93, showing that the two distributions are very consistent with each other. In other words, the low success rate cannot be attributed to differences in our sample selection. We also 5 Using Hα/Hb, we find, in Bouché et al. (in preparation) , that E(B − V ) ∼ 0.6 and therefore the dust-corrected SFR is SFR 0 of ∼ 77M ⊙ yr −1 . found no differences in the doublet ratio (DR= W 2803 r /W 2796 r ), nor in Mg I rest-EW distributions. However, we note that the parent z = 2 sample made of 75 absorbers with W λ2796 r 2Å has a Fe II2600Å/Mg II2796Å ratio that is lower than the parent z = 1 sample by 30% (0.4 vs. 0.6).
We now quantify whether the galaxies in our z1SIMPLE survey could have been detected at z = 2. While the answer to this question depends directly on the flux limit of our survey, it also depends on the assumed evolution of the SFR properties from z = 1 to z = 2.
For the sensitivity aspect, our z2SIMPLE survey is more sensitive (∼ 1.8 × 10 −17 erg s −1 cm −2 ) than our z1SIMPLE survey (2.6 × 10 −17 erg s −1 cm −2 computed over the same 'volume' of pixels), thanks to the increased throughput in K and longer exposure times. In spite of better flux limits, our z = 2 SFR limit -computed for a Chabrier IMF-is 2.9 M⊙ yr −1 (not corrected for dust), i.e. ∼ 5× worse than at z = 1 (0.6 M⊙ yr −1 , not corrected for dust)
6 given the increase in luminosity distance (DL ∝ (1 + z)
2 ). See Table 2 for the individual limits taking into account the redshift dependent noise.
From the cumulative SFR distribution of the z = 1 SIMPLE survey (Bouché et al. 2007) shown in Figure 2 , we see that 6 of the 14 z = 1 detected galaxies would not have been detected at z = 2 given our survey completeness limit (vertical dashed line). Similarly, using 10,000 Monte Carlo resamplings, we find that 99% of the time 6 galaxies would not be detected if the SFR distributions were the same at both epochs. However, the SFR distribution for the detected hosts is very different at the two epochs as Figure 2 shows. At z = 2, all the detections have SFR 9 M⊙ yr −1 , while none have such high SFRs in the z = 1 survey. Thus, if the SFRs evolve strongly, as suggested by the three detected hosts in Figure 2 and by the evolution of the SFR-Mass sequence, which evolves as ∝ (1 + z) 2.5 (see Eq. 3 below), then only 2 of the 14 z = 1 hosts would not have been detected. Therefore, we expect a detection or 'success' rate ofp = 0.38 (8/21), assuming no evolution of the SFR distribution, and ofp = 0.57 (12/21) assuming a SFR evolution going as ∝ (1 + z) 2.5 . Hence, we ought to find 7.6 or 11.4 hosts depending on the assumed SFR(z) evolution, whereas 4 galaxies were found. Treating the individual fields as independent experiments with a success rate given by p, the number of success follows a binomial distribution (Cameron 2011) . The probability to have only 4 successes from such a binomial distribution is 0.045(0.0007), i.e. the z = 2 detection rate is different than the z = 1 detection rate at 2.0σ or 3.4σ assuming SFR(z) goes as ∝ (1 + z) γ with γ = 0 or γ = 2.5, respectively (see table 3).
Closing loopholes
Before interpreting these results, we ask the following questions: (i) can the hosts be outside the SINFONI field of view? (ii) can the Hα host emission be hidden under the QSO continuum?
(A) Are the z = 2 hosts outside the field of view? By design, both the z = 1 and this z = 2 sample were selected to have rest-W region (∼ 10 ′′ × 10 ′′ or 80 kpc×80 kpc). The normalization of the W λ2796 r -ρ anti-correlation may expand between the two epochs. However, as the Universe was denser at z = 2, it is difficult to imagine that that the normalization actually expanded. Not only this would be opposite to the galaxy and halo size evolution, but it would also contradict the observations of Chen et al. (2010) and Steidel et al. (2010) . Chen et al. (2010) showed that the scatter in the Mg II EW-ρ anti-correlation scales with stellar mass ∝ M 0.28 ⋆ (and weakly on sSFR). In other words, our results would imply the opposite, namely that the scatter scales inversely proportional to M⋆. Similarly, Steidel et al. (2010) showed that the averaged rest-EW of another low-ion (Si II with similar ionization potential as Mg II) is also anti-correlated with impact parameter. They found that the (average) rest-EW of Si II1526 is much less than 0.3Å at impact parameters 40 kpc. We have stacked our SDSS spectra and found that on average the non-detections have a rest-EW ∼ 0.8Å for Si II1526. In other words, in conjunction with the Steidel et al. (2010) results, our sample of > 2Å Mg II absorbers has no properties consistent with being outside our mapping region.
(B) Are the z = 2 hosts too close to the QSO? An IFU is a very good tool to untangle Hα emission even with impact parameters less than the QSO point-spread-function (PSF). This is nicely demonstrated by the J0226−28 sight-line in our z = 1 sample (Bouché et al. 2007) where the Hα emission is detected 0.25 ′′ from the QSO PSF (FWHM∼ 0.8 ′′ ). In the present survey, however, it is possible that the Hα emission is hidden under the QSO continuum, i.e. within a radius of 0.3 ′′ from the QSO. In order to address this, we dereshifted and stacked the 16 SINFONI cubes of the non-detected subsample. The continuum-subtracted image, shown in Fig.3 , reaches the same flux limits within 0.3 ′′ of the QSO PSF as the ones quoted in section 3.1. Therefore, we can say with confidence that we find no evidence for Hα emission in the stacked SINFONI cube, ruling out the possibility that the hosts were too close to the QSO. 
IMPLICATIONS FOR THE NATURE OF Mg II
SYSTEMS.
Having established that we are not limited by the QSO continuum, nor by the field of view, the low detection rate show clearly that, in the most neutral terms, the z = 2 Mg II population probes gaseous haloes that are different than at z = 1. We now attempt to constrain the meaning of 'different' by placing limits on the host mass assuming known scaling relations and the evolution of dN/dz.
Mass constraints from the SFR sequence.
In the mass regime where cooling times are short (i.e. where cold accretion dominates), SFR is driven by the (net) baryonic accretion rate as shown in Dekel et al. (2009); Dutton et al. (2010) and Bouché et al. (2010) . The baryonic accretion rate is then simply given by the cosmological baryonic fraction fB times the darkmatter accretion rateṀ h (Eq. 1) which is set by the cosmological parameters (e.g. Neistein et al. 2006) . Hence, for a given accretion efficiency ǫ, we have SFR ∼ ǫ fBṀ h ∼ 6 ǫ1.0M
1.15
where M h,12 the halo mass in units of M h /10 12 M⊙ and we use ǫ1.0 ≡ ǫ/1.0 since Genel et al. (2008) (see also Dekel et al. 2009; Bouché et al. 2010) showed that the accretion efficiency ǫ must be in the 70-80% range in order to account for the large SFRs of z = 2 star-forming galaxies 7 . This equation allows us to put limits on the halo mass of the hosts, but before applying it to our survey, we demonstrate its validity on several galaxy samples.
7 Our assumption of ǫ = 1.0 is not -as it may seem -extreme. Indeed, a lower and more realistic efficiency would be compensated by the more appropriate net SFR, which is ∼ 1/2×SFR if SN outflow rates are proportional to SFRs. Hence, 1/2SFR∼ ǫ 0.5 f bṀh , which is equivalent to equation 2.
The expected SFRs determined from Eq. 2 agree well with the observed SFRs at a given halo mass for a wide variety of galaxies. For instance, Lyman break galaxies (LBGs), which have halo masses ∼ 10 11.8 M⊙ from their clustering (Adelberger et al. 2005) or from their rotation curves (Förster Schreiber et al. 2006) , have an expected SFR in the range of 30-100M⊙ yr −1 , which is in good agreement with the observed values for z = 2 star-forming galaxies (e.g. Förster Schreiber et al. 2009; Erb et al. 2006) . Similarly, the z = 1 Mg II absorbers with W λ2796 r > 2Å reside in haloes with M h ∼ ×10
11.3±0.4 M⊙, as several clustering analyses (e.g. Bouché et al. 2006; Gauthier et al. 2009; Lundgren et al. 2009 ) have shown, and are expected to have SFRs in the range few-10M⊙ yr −1 , in very good agreement with the observed SFR distribution shown in Fig. 2 . Now that we have validated Eq. 2, we turn it around using our SFR upper limit to put limits on the halo mass of our z = 2 non-detected sample. Our limit of SFR< 2.9 M⊙ yr 
where M⋆ 11 ≡ M⋆/10 11 M⊙ and (1 + z)3.2 ≡ (1 + z)/3.2. Our limit of SFR 2.9 M⊙ yr −1 corresponds to M⋆ ≃ 6 × 10 8 M⊙ if we extrapolated the SFR-sequence to low masses. Note, this stellar mass agrees well with the limit on the halo mass we just placed and is thus not an independent result. Indeed, these numbers would place such a host along the low-mass end of the known M⋆-M h relation (Shankar et al. 2006; van den Bosch et al. 2007; Guo et al. 2010; Moster et al. 2010; Behroozi et al. 2010) .
In summary, the host of strong Mg II absorbers could in principle be in very low mass haloes with M h 4 × 10 10 M⊙, i.e. below our SFR limit 8 . In the next section, we ask whether this low-mass conclusion is consistent with the observed evolution of dN/dz.
Constraints from dN/dz.
The number of absorbers per unit redshift dN/dz is a well measured quantity (e.g. Nestor et al. 2005; Prochter et al. 2006) . A more appropriate quantity in our context is the number of absorbers per unit co-moving distance dN/dX and these surveys have shown that dN/dX does not evolve from z = 1 and z = 2. The number of absorbers per unit co-moving distance, dN/dX, for z = 1 absorbers is:
where n is the halo number density, σ = πR 2 is the physical crosssection and n11.3 ≡ M h /10 11.3 in Eq. 4. Because n(M h , z), the co-moving density of haloes, is a very weak function of z from z = 0 up to z = 5 (Mo & White 2002), we can say that any evolution of the absorber cross-section will 8 Note that despite having a narrow range of W λ2796 r , the range of halo mass could be larger. Such a scatter is enough to explain our few detections.
imply an evolution of the typical halo mass M h via:
for any index m of the evolution of the cross-section. The physical cross-section of galaxies (and haloes) are indeed smaller at higher redshifts as demonstrated by the numerous groups (e.g. Dahlen et al. 2007; Williams et al. 2010; Mosleh et al. 2011 ). These surveys indicate that the size evolution index m in Eq. 5 is ∼ 1.
For such an index m = 1, the redshift factor in Eq. 5 is then about 0.3= [(1 + 2.2)/(1 + 0.8)]
−2 , which means that the density of halo n(M h ) must be higher by a factor 3× in order to account for the constant dN/dX. In the previous section, we have established that the hosts of our Mg II sample might be in very low-mass galaxies, with halo masses M h 4 × 10 10 M⊙. Such low-mass haloes are more numerous by a factor of ∼ 4 (e.g. Mo & White 2002) . Therefore, the cross-section evolution could compensate for the higher number density of low-mass haloes provided that the cross-section evolves.
Implications for the nature of Mg II absorbers
In order to account for our low success rate, in the last section we discussed two possibilities, namely the z = 2 hosts could reside (i) in haloes with similar masses to those at z = 1 (M h ∼ 10 11.3 M⊙), or (ii) in haloes with very low masses (M h ∼ 10 10.6 M⊙) below our flux limit. The first option violates our observations because such haloes are expected to have SFRs > 10 M⊙ yr −1 from the SFR-M⋆ or SFR-M h sequence, whereas we find only 3 such galaxies down to 2.9M⊙ yr −1 .
Wind scenario
The second option is equivalent to a scenario invoking winds in low mass galaxies. In such a scenario, the large equivalent widths of Mg II are the signature of 'cold' gas (T ∼ 10 4 K) entrained in outflows at a few hundreds of km s −1 . This option would explain our low detection rate but -as we showed-it is not consistent with the observed number density of absorbers, dN/dX, unless the crosssection of absorbers has evolved strongly as ∝ (1 + z) −1 . Given that the z = 1 cross-section of strong Mg II absorbers is typically ρ ∼ 35-40 kpc (e.g. Steidel et al. 1995; Bouché et al. 2006) , the cross-section of z = 2 absorbers cannot then be larger than 20 kpc.
Hence, our results are consistent with the outflow scenario as argued by others (Bond et al. 2001; Bouché et al. 2006 Bouché et al. , 2007 Nestor et al. 2011) , provided that the z = 2 hosts reside in halos less massive than M h ∼ 10 10.6 M⊙ and that the extent of the wind traced by W λ2796 r > 2Å is not larger than 20 kpc (∼ 2.5 ′′ ). A consequence of this scenario is that the outflow 'efficiency' (defined as W λ2796 r /SFR, i.e. more clouds (larger W λ2796 r ) per unit SFR are being produced at z = 2 than at z = 1) was much larger at z = 2 than at z = 1. However, this scenario cannot explain the few galaxies that we do detect. Indeed, because the SFRs are higher at z = 2 than at z = 1, this W λ2796 r -to-SFR ratio is then lower at z = 2, not higher. Thus, the wind scenario alone cannot explain the detections and non-detections at the same time.
In Fig. 4 , we put our z = 2 results in a more global context. The solid lines show the averaged evolution of halos with time M h (z) and the dashed lines show the predicted SFR (∼ ǫfBṀ h ) given by Eq. 2 for a maximum accretion efficiency ǫ = 1.0. Bouché et al. (2010) and Cantalupo (2010) . For illustration purposes, the inferred SFRs for LBGs (triangle) and strong z ∼ 1 Mg II absorbers (circle) are in very good agreement with the observed SFRs (see text). Strong z = 2 Mg II absorbers could be caused either in galaxies with low accretion efficiency (scenario A) or in low mass SF galaxies below our SFR limit of 2.9M ⊙ yr −1 (wind scenario B) provided that their cross-section is < 20 kpc in order to match the observed evolution of dN/dz.
Samples with known halo masses such as LBGs (Adelberger et al. 2005 ) and z = 1 Mg II absorbers (Bouché et al. 2006 ) are shown by the large triangle and circle respectively. As mentioned in section 4.1, the expected SFRs determined by Eq. 2 for these samples agree well with the observed SFRs leading to the conclusion the accretion efficiency ǫ must be high (e.g. Genel et al. 2008) . The wind scenario in low mass galaxies is represented by the large filled square (labeled B) in Fig. 4. 
Accretion scenario
A third possibility is that Mg II absorbers reside in haloes of intermediate mass with M h ∼ 10 10.6-11.0 M⊙, i.e. between the two extremes of 10 10.4 M⊙ and 10 11.3 M⊙ already discussed. This mass scale for the z ∼ 2 hosts is illustrated by the large diamond (labeled A) in Fig. 4 . This mass scale falls below the grey band in Cantalupo 2010 ). This Mmin hypothesis was postulated in Bouché et al. (2010) because these authors realized a simple analytical model with this single hypothesis could reproduce several key observational results, such as the Tully-Fisher relation, the SFR-M⋆ sequence, the downsizing phenomenon, the gas fractions (fg), stellar fractions, and the cosmic star-formation history (ρ⋆).
Since we did not detect the majority of the galaxies, this intermediate mass scale scenario (labeled A in Fig. 4) implies that the efficiency ǫ for accretion in Eq. 2 must be much smaller than our fiducial value of ǫ = 1.0, otherwise the SFRs would have been above our observational limit. Turning it around, the accretion efficiency ǫ should have evolved by about 2.5× from 10 10.8 M⊙ to 10 11.3 M⊙, i.e. this scenario would imply that ǫ(M h ) goes as M β h with β > 1. In other words, the mass dependence of ǫ is superlinear. This has the advantage that this scenario can explain both the detections and the non-detections by invoking a finite scatter around a M h -W λ2796 r relation.
ON THE NATURE OF H I-SELECTED ABSORBERS.
As for the Mg II sample, the only criterion used when selecting H I absorbers is the redshift to ensure that the spectral region expected for Hα in SINFONI is free of bright sky emission lines. From the samples available in the literature, we observed 7 fields, and detected only one host (see Table 2 ). We also include the 12 z = 2 sight-lines from Péroux et al. (2011b) , leading to a total sample of 19 H I-selected absorbers. Admittedly, this H I-selected sample does not cover the whole range of H I columns and metallicities for DLAs, but its mean column density is that of a typical DLA. In all, out of 19 H I-selected sight-lines, only 2 z ≃ 2 hosts have been detected so far with SINFONI. Contrary to the Mg II systems, we cannot give a statistical significance to this result since the z = 1 success rate for H I-selected absorbers is poorly constrained. We note that the z = 1 success rate for H I-absorbers appears somewhat higher: out of 9 z = 1 sight-lines observed with SINFONI, Péroux et al. (2011a) and Péroux et al. (2011b) detected the host towards 4 H I-absorbers.
Thus, our main result for H I-selected absorbers is similar to that of our Mg II-selected sample and to many other z ∼ 2 DLA surveys, which have also failed to unveil large numbers of hosts using a range of techniques. This is a surprising outcome given that the effort invested and given that sub-DLA/DLAs cover almost the entire sky (e.g. Péroux et al. 2003; Prochaska & Wolfe 2009; Noterdaeme et al. 2009 ). Among the most sensitive recent studies, there is the stacking analysis of 341 DLAs with log N H I (cm −2 ) 20.62 by Rahmani et al. (2010) who could only place a 3σ upper limit of 3.0 × 10 18 erg s −1 cm −2 on the average Lyα flux, corresponding to 0.03L * (Lyα). There is also the analysis of Wolfe & Chen (2006) who searched for in situ star formation in DLAs by looking for low surface brightness emission in the Hubble Ultra Deep Field (HUDF) F606W image and could also only place upper limits on the SFRs surface density. These upper limits were, surprisingly, at least a factor 10 lower than the rates predicted by the distribution of neutral-gas column densities in DLAs, assuming a normal SF law.
9 Note that the power law ∝ M β h index at this transition is directly related to the slope of the luminosity function (see also Kravtsov 2010) .
A complete review of recent literature results is beyond the scope of this paper, but in general very few DLA hosts have been identified in spite of numerous search campaigns during the past two decades (e.g. Deharveng et al. 1990; Lowenthal et al. 1990 Lowenthal et al. , 1995 Bunker et al. 1995 Bunker et al. , 1999 Møller et al. 2002; Kulkarni et al. 2000 Kulkarni et al. , 2006 . Indeed, these efforts led to only 5 bonafide 10 intervening DLAs which have been identified spectroscopically in emission (Lowenthal et al. 1991; Djorgovski et al. 1996; Möller et al. 2004; Heinmüller et al. 2006; Fynbo et al. 2010 ). Interestingly, the recent host discovered by Fynbo et al. (2010) towards Q2222-09 meets our Mg II criterion with W λ2796 r ∼ 2.7Å, and has a large SFR of ∼ 17M⊙ yr −1 (uncorreced for dust) from recent SINFONI observations (Péroux et al. 2011b) . There is also the one candidate of Fumagalli et al. (2010) who used the 'Lyman limit' technique of O'Meara et al. (2006) to image DLA hosts behind a Lyman limit system used as blocking filter.
11 Recently, some have argued that a 'metallicity' criterion such as Si II1526 > 1Å (e.g. Fynbo et al. 2010 ) may help in pre-selecting detectable hosts. Evidence for such a metallicity boost is emerging from the survey of Péroux et al. (2011b) where they found, over a wider range of redshift, a 30% success rate for high-metallicity DLAs (with [ Zn/H] > −0.65) versus 10% for the low metallicty sample. In other words, the z = 2 detection rate might still be low even for high-metallicity DLAs.
Overall, our low detection rate in conjunction with these literature results are at odds with recent cosmological simulations. Using the state-of-the-art adaptive mesh-refinement (AMR) code ENZO, Cen (2011) found that, in cosmological simulations, DLAs can arise in a wide variety of environments, from cold gas clouds in galactic disks to cold streams to cooling gas from galactic winds to cool clouds entrained by hot galactic winds. However, the prediction at z = 2 is that DLAs occur within < 30 kpc of a blue star-forming galaxy, with a SFR of 0.3-30 M⊙ yr −1 , peaking at 6-8 M⊙ yr −1 . The cosmological simulation of Cen (2011) predicts that about two thirds (or 6) of the hosts should meet our survey limits, whereas we detected 2. Pontzen et al. (2008) found that the majority of DLAs reside in halos with 10 10 M⊙ and near galaxies with star formation rates with > 1M⊙ yr −1 . All these models show that DLAs typically arise a few kpc away from galaxies that would be identified in emission with significant SFRs. Our low detection rate -in conjunction with the literature results-disfavors these models.
CONCLUSIONS
In summary, we used the SINFONI IFU to search for the Hα signature of the hosts towards 18 Mg II absorbers with W λ2796 r > 2Å. We found the following.
• Only 3 hosts out of our sample of 18 Mg II absorbers with W λ2796 r 2Å were detected (Fig. 1) down to SFR 2.9 M⊙ yr −1 (5σ). The detected hosts are found with impact parameters of ∼ 15-30 kpc, reside in haloes with M h ∼ 2-3×10 11 M⊙, have dynamical masses M 1/2 ∼ 2 × 10 10 M⊙ and SFRs ranging from 9 to 18 M⊙ yr −1 ; • Such a low detection rate (4/20) -including two other SIN-FONI results from Péroux et al. (2011b) -is in sharp contrast to our z = 1 SIMPLE survey where we detected 14 out of 21 hosts (Bouché et al. 2007) . Taking into account the difference in sensitivity between the two surveys, we should have been able to detect 11.4 ( 7.6) of the 20 Mg II hosts assuming an evolution of the SFRs as ∝ (1+z) γ with γ = 2.5 (γ = 0), whereas only 4 were detected. This is statistically significant at the 3.4σ (2.0σ) confidence level, respectively;
• The SFR distribution at z = 2 is strikingly different to that at z = 1 (Fig. 2) . At z ≃ 2, all three detections have SFR 9 M⊙ yr −1 , while at z = 1, all the hosts have SFR 9 M⊙ yr −1 . The increase from z = 1 to z = 2 in the SFRs for the detected hosts is consistent with the evolution of the SFR-mass sequence, which goes as ∝ (1 + z) 2.7 .
• The undetected z = 2 hosts cannot be hidden under the quasar continuum. After stacking our SINFONI cubes, we find no detectable Hα emission within 0.3 ′′ of the QSO to our SFR limit (Fig. 3) . Furthermore, the hosts cannot just be outside our surveyed area of 10 ′′ × 10 ′′ (80 kpc×80 kpc). This would run against our sample selection criteria (W λ2796 r > 2Å) and the known W λ2796 r -impact parameter relation for low-ionization ions (e.g. Lanzetta & Bowen 1990; Steidel et al. 1995) . For instance, the anti-correlation between Si II1526 rest-EW and ρ of Steidel et al. (2010) would place all of our hosts within 40 kpc given that our sample has a mean rest-EW of 0.8Å in Si II1526.
It is thus very unlikely that they be outside the field of view since this would contradict the recent observations of Steidel et al. (2010) .
• We also search for the host galaxy towards 7 H I-selected absorbers, and found only 1 Hα emitter. Including the 12 sightlines from Péroux et al. (2011b) , only 2 H I-absorbers out of 19 sight-lines have been detected with SINFONI. This low detection rate (2/19) disfavors the interpretation of Rafelski et al. (2011) that DLAs are probing the outskirts of LBGs.
Our low-detection rate directly imply that the z = 2 Mg II hosts cannot reside in haloes with similar masses than those at z = 1 which have M h ∼ 10 11.3 M⊙. Otherwise their SFRs would have been well above our limit. Consequently, strong Mg II systems could reside (i) in haloes with very low masses (M h 10 M⊙. The first option (option B in Fig. 4) is consistent with the wind scenario, in which the large equivalent widths are caused by the cold (T ∼ 10 4 K) material entrained in the super-nova driven outflows generated in very low mass galaxies. Under this scenario, in order to not violate the observed number of absorbers dN/dX, the cross-section of W λ2796 r > 2Å-selected winds ought to be 20 kpc. However, this wind scenario cannot explain the detections and non-detections at the same time since the W λ2796 r -to-SFR ratio must have evolved in opposite directions from z = 1 for the two sub-samples.
An alternative option (option A in Fig. 4 ) is that z = 2 Mg II absorbers reside in haloes of intermediate mass with M h ∼ 10 10.6-11.0 M⊙. In this case, z = 2 galaxies traced by strong Mg II absorbers do not form stars at a rate expected for their halo mass, in contrast to LBGs (and all other SF galaxies) which do form stars at a rate expected for their halo mass provided that the accretion efficiency ǫ = 1.0 is high (e.g. Genel et al. 2008 ). Since we did not detect the majority of the galaxies, this scenario implies that the efficiency ǫ for accretion is much smaller at those mass scales otherwise the SFRs would have been above our observational limit. In other words, this would support the existence of a transition in accretion (and/or galaxy properties) at M h ∼ 10 11 M⊙, where cooling is less efficient in low mass haloes. This scenario implies that ǫ(M h ) goes as M β h with β > 1. A consequence of this steep mass-dependence is that this scenario can explain both the detections and the non-detections by invoking a finite scatter around a M h -W λ2796 r relation. Clearly, some star-formation must have occurred in the past to produce these metals. The very nature of Mg II systems means that SF occurred and enriched these regions (with α-elements) at an earlier epoch. This pre-enrichment scenario is supported by the recent analysis of the clustering of C IV systems by Martin et al. (2010) , where they found that the size of enriched regions around z = 2 to z = 4.5 galaxies is large ∼ 0.4 Mpc (co-moving). The implied time scale for dispersing metals to such distances is larger than the typical stellar ages of SF galaxies. This means that enrichment by (low-mass) galaxies at an earlier epoch z > 4.5 must have occurred to account for the metal enriched regions traced by strong Mg II intervening absorbers.
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